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Introduction 


The  majority  of  the  combat  casualties  that  occur  in  Operations  Iraqi  Freedom  and  Enduring  Freedom 
are  a  result  of  high-energy  blast  or  high-velocity  projectile  mechanisms,  and  commonly  present  with  a 
significant  segmental  bone  defect,  massive  soft  tissue  disruption  and  loss,  and  substantial 
contamination  with  bacteria.  The  goal  of  this  research  was  to  improve  the  treatment  of  infected 
segmental  bone  loss  by  using  currently  available  off-the-shelf  biologies  and  antibiotics.  Specifically, 
the  aim  of  this  study  was  to  determine  whether  recombinant  human  bone  morphogenetic  protein-2 
(rhBMP-2)  and  antibiotic  delivered  locally  from  a  composite  carrier,  in  combination  with  a  second 
antibiotic  delivered  systemically,  could  lead  to  new  bone  formation  in  an  internally-stabilized  rat 
femoral  segmental  defect  with  a  chronic  infection  from  Staphylococcus  aureus.  It  is  hypothesized  that 
(i)  chronically-infected  defects  treated  with  debridement  and  rhBMP-2  would  form  significantly  more 
and  stronger  new  bone  than  debrided  defects  without  rhBMP-2,  (ii)  defects  treated  with  debridement, 
rhBMP-2  and  local  administration  of  a  high  dose  of  antibiotic  would  form  significantly  more  and 
stronger  new  bone  than  debrided  defects  treated  with  rhBMP-2  alone,  and  (iii)  defects  treated  with 
debridement,  rhBMP-2,  local  administration  of  a  high  dose  of  antibiotic,  and  systemic  administration 
of  a  second  antibiotic,  would  form  significantly  more  and  stronger  new  bone  than  debrided  defects 
treated  with  rhBMP-2  and  local  antibiotic  alone. 

Body 

A  6  mm  segmental  defect  was  surgically  created  and  stabilized  with  a  polyacetyl  plate  and  6  Kirschner 
wires  in  the  left  femur  in  each  animal. All  defects  were  contaminated  with  lO"^  colony-forming  units 
(CPUs)  of  Staphylococcus  aureus. 


Table  1.  Experimental  design 


Treatment 

Number  of  Animals  Studied 

rhBMP-2 

Dose 

Local 

Antibiotic 

(Cefazolin) 

Systemic 

Antibiotic 

(Ceftriaxone) 

Total 

Time  From  Debridement 

2  wk*§ 

4  wk*§ 

8  wk*§ 

12  wk*§ 

200  pg 

yes 

yes 

72 

12t# 

20tt# 

20tJ# 

20tt# 

no 

72 

12t# 

20tt# 

20tt# 

20tt# 

20  pg 

yes 

yes 

56 

8t 

16tt 

16tt 

16tt 

no 

56 

8t 

16tt 

16tt 

16tt 

Opg 

yes 

no 

32 

8 

8 

8 

8 

200  pg 

no 

no 

32 

8t 

8t 

8t 

8t 

Opg 

no 

no 

32 

8 

8 

8 

8 

*  radiographic  grading  of  bony  lysis:  n  =  8  animals  for  each  of  the  6  treatments  at  the  indicated  time- 
points 

t  micro-computed  tomography:  n  =  8  animals  at  the  indicated  rhBMP-2  treatments/time -points 
§  descriptive  undecalcified  histology:  n  =  4  animals  randomly  chosen  from  among  the  8  animals  used  for 
the  above  imaging  assessments  for  each  of  the  7  treatment  at  the  indicated  time -points 

1  torsional  failure  testing:  n  =  8  additional  animals  at  the  indicated  rhBMP-2  freatments/time -points 

#  quantitative  bacteriology:  n  =  4  additional  animals  at  the  indicated  rhBMP-2  freatments/time-points 

The  animals  were  allowed  to  recover  for  2  weeks  during  which  time  the  initial  contamination 
progressed  to  a  chronic  infection.  All  defects  were  then  thoroughly  debrided  under  sterile  conditions, 
and  treated  with  a  composite  type  1  bovine  collagen  sponge/ceramic-collagen  matrix  carrier  containing 
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0,  20  or  200  |u,g  of  rhBMP-2  in  sterile  water  (used  to  wet  the  sponge),  with  and  without  a  100  mg  dose 
of  Cefazolin  dissolved  in  sterile  water  (used  to  wet  the  matrix).  The  sponge  was  wrapped  around  the 
matrix  and  paeked  into  the  defeet.  In  half  of  the  animals  reeeiving  rhBMP-2  and  loeal  Cefazolin,  a 
systemie  antibiotic  (Ceftriaxone)  was  also  administered  for  28  days  (intramuscular  injection,  50  mg/kg 
once  per  day).  The  rats  were  then  allowed  to  survive  then  euthanized  at  either  2,  4,  8  or  12  week  time 
points  (Table  1). 

The  seven  treatment  groups  at  4  different  time  points  were  assessed  thru  the  following  outcome  and 
endpoint  measurements:  (i)  volume  (mm  )  of  new  bone  formation  within  and  outside  the  defect 
measured  by  Micro-Computed  Tomography,  (ii)  Torsional  failure  testing  harvesting  the  intact 
contralateral  femur  as  controls,  (iii)  high  resolution  radiography  to  assess  pin  tract  bony  lysis,  (iv) 
Qualitative  and  quantitative  bacteriology  by  means  of  culture  swabs  and  serial  dilution  method  of 
counting  bacteria  (logio)  respectively,  and  finally  (v)  SteveneTs  blue  and  Van  Gieson  picrofuchsin 
stained  undecalcified  histology  readings. 


The  complete  micro-CT  for  the  12-week  group  and  histology  data  for  the  8  and  12  week  groups  of  rats 
were  received  from  subcontracters  at  University  of  Minnesota  and  Mayo  Clinic  on  1/30/09  and  will  be 
presented  in  the  forthcoming  manuscript. 


Micro-Computed  Tomography 

Micro-CT  results  (2,  4  and  8  week)  revealed  that  BMP  maintained  its  osteoinductive  capability  despite 
the  presence  of  chronic  infection  and  colonized  hardware  (Figures  1  and  2).  No  substantial  callus 
formed  in  the  chronically  infected  defects  without  a  sufficiently  high  dose  of  BMP. 


Figure  1.  3-D  rendering  (left)  and  sectional  view  (right)  of  representative  micro-CT  scan 
of  defect  treated  with  200  pg  of  rhBMP-2  with  both  local  and  systemic  antibiotic  at  4  weeks; 
note  the  segment  of  ceramic  collagen  matrix  remaining  in  the  defect 


Figure  2.  3-D  rendering  (left)  and  sectional  view  (right)  of  representative  micro-CT  scan 
of  defect  treated  with  20  pg  of  rhBMP-2  with  both  local  and  systemic  antibiotic  at  4  weeks 
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The  volume,  surfaee  area,  surfaee  area-to-volume  ratio  and  average  grayseale  of  the  total  amount  of 
newly  mineralized  eallus  formed  within  the  defeet  and  bridging  the  outside  of  the  defeet  as  well  as  the 
volume  of  the  eeramie  eollagen  matrix  earrier  remaining  in  the  defeet  and  pereentage  of  new  callus 
formed  within  the  defect,  are  presented  in  Table  2. 


Table  2.  Micro-CT  data  summary* 


CT  Parameters 

Treatments 

20+L-S 

20-rL-rS 

200-L-S 

200+L-S 

200+L+S 

Total  Volume  (mm^) 

2  Week 

21  (16)t 

25(13)t 

17(17)t 

34  (22) 

46  (20)§ 

4  Week 

43  (54) 

19(19) 

23  (16) 

43  (41) 

70  (28) 

8  Week 

43  (32) 

57  (33) 

48  (50) 

73  (34) 

92  (29) 

12  Weekt 

89  (46) 

80 (45) 

78(60) 

87(43) 

96(34) 

Matrix  Volume  (mm^) 

2  Week 

18(7) 

13(5) 

13(11) 

13(8) 

21(6) 

4  Week 

12(4) 

18(10) 

10(10) 

12(6) 

20  (5) 

8  Week 

9(5)^ 

17(12) 

9(6) 

12(5) 

18(6) 

12  Weekt 

- 

- 

- 

- 

- 

Total  Surface  Area  (mrn^) 

2  Week 

598  (556){ 

584  (203){ 

422  (398)t 

1046  (723) 

1324  (602) 

4  Week 

936(1007) 

478  (573) 

418  (299)t 

1183  (1089) 

1909  (879) 

8  Week 

619(346)t 

945  (560)t 

764  (757)t 

1313  (925) 

1904  (763) 

12  weekt 

- 

- 

- 

- 

- 

Surface  Area/Volume  Ratio 

2  Week 

26  (7) 

27  (8) 

31(14) 

29  (7) 

29  (5) 

4  Week 

26  (4) 

22  (5) 

19(4) 

29  (6) 

27  (4) 

8  Week 

17(5) 

16(3) 

17(3) 

17(4) 

20  (3) 

12  weekt 

- 

- 

- 

- 

- 

Average  Grayscale 

2  Week 

1783  (95)§ 

1827(124)§ 

1790  (90)§* * * § ** 

1793  (191)§ 

1710  (78)§ 

4  Week 

1848  (91)§ 

2051  (166)t 

2006(148)T1 

1895  (156)§ 

1735  (64)§ 

8  Week 

2151  (157) 

2175  (299) 

2090  (239) 

2116  (214) 

1990(141) 

12  weekt 

- 

- 

- 

- 

- 

%  New  Callus  Within  Defect 

2  Week 

52  (24) 

54(12) 

35  (18) 

25  (14) 

28(14.) 

4  Week 

63  (31) 

70  (26) 

61  (17) 

45(18) 

37(18) 

8  Week 

59(18) 

54(18) 

48  (22) 

31(11) 

32(11) 

12  Weekt 

- 

- 

- 

- 

- 

*  Data  shown  as  mean  (standard  deviation);  20  or  200  pg  rhBMP-2, 

L  =  Local  antibiotic,  S  =  Systemic  antibiotic 

t  These  data  are  in  the  process  of  statistical  analysis  which  will  be  presented  in  the  manuscript  for  future 
publication 

J  Significantly  less  than  treatment  with  200+L+S  at  same  time  point  (p<0.045,  one-way  analysis  of  variance) 

§  Significantly  less  than  same  treatment  at  8  weeks  (p<0.045,  one-way  analysis  of  variance) 

^  Significantly  less  than  same  treatment  at  2  weeks  (p=0.026,  one-way  analysis  of  variance) 

^  Significantly  greater  than  200-l-L-l-S  at  the  same  time  point  (p<0.009,  one-way  analysis  of  variance) 

**  Significantly  less  than  same  treatment  at  4  weeks  (p=0.032,  one-way  analysis  of  variance) 
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The  greatest  amount  of  new  bone  formation  occurred  with  200  |ug  of  rhBMP-2  augmented  with  both 
local  and  systemic  antibiotic  (Figure  3,  Table  2).  The  total  volume  and  total  surface  area  with  the  200 
|ug  dose  of  rhBMP-2  with  local  and  systemic  antibiotic  were  greater  than  with  200  |ug  of  rhBMP-2  with 
systemic  antibiotic  alone,  and  200  |Lig  of  rhBMP-2  with  no  antibiotic.  The  mean  total  volume  and  total 
surface  area  were  greater  with  200  |ug  of  rhBMP-2  than  with  20  |ug  (Figure  3,  Table  2).  There  was  a 
clear  dose  response  relationship  between  rhBMP-2  and  bone  formation,  and  application  of  local  and 
systemic  antibiotic  affected  this  relationship  in  a  positive  way.  The  mean  total  volume,  total  surface 
area  and  average  grayscale  of  newly  formed  callus  increased  with  time  from  debridement  for  all 
treatment  groups  except  for  the  total  surface  area  for  the  20  pg  rhBMP-2  group  with  local  antibiotic 
only  (Figure  3,  Table  2).  The  ceramic  collagen  matrix  carrier  for  the  delivery  of  local  antibiotic  was 
not  resorbed  by  8  weeks  after  debridement  (Figures  1  and  2,  Table  2).  Approximately  half  of  the 
newly  mineralized  callus  formed  within  the  volume  of  the  original  defect  (Table  2). 

Figure  3,  Total  volume  of  newly  mineralized  callus: 

20  or  200  pg  rhBMP-2,  L  =  Local  antibiotic,  S  =  Systemic  antibiotic 
140 

120 

I 

g  ^  100 

80 

I’S  60 

O  N 

^^40 
0 

20+L-S  20+L+S  200-L-S  200+L-S  200+L+S 

Treatment 

*Significantly  less  than  200+L+S  (p<0.045)  18  weeks  significantly  greater  than  2  weeks  (p=0.003) 


Torsional  Failure  Testing 

Treated  and  intact  femurs  were  loaded  to  torsional  failure  in  a  materials  test  machine  (MTS  Systems, 
Inc.,  Eden  Prairie  MN)  (Figure  4,  Table  3).  Torque  versus  angular  displacement  data  were  recorded 
and  used  to  compute  torque  to  failure,  energy  absorbed  to  failure,  and  torsional  stiffness  of  the  newly 
mineralized  callus. 

Figure  4,  Illustration  of  failure  testing  of  a  segmental  defect  with  callus  formation. 

A  section  of  the  fixation  plate  was  removed  so  as  to  not  influence  failure  testing. 

]  c 


Table  3.  Torsional  failure  data  summary* 


Mechanical  Parameters 

Treatments* ** 

20+L-S 

20+L+S 

200+L-S 

200+L+S 

Maximum  Torque  (Nm) 

4  Week 

Treatment 

- 

- 

0.149  (0.029) 

0.162  (0.087) 

Intact 

- 

- 

- 

- 

8  Week 

Treatment 

0.094  (0.135)tt 

0.045 

0.243  (0.181)t 

0.376  (0.157) 

Intact 

0.371  (0.095) 

0.459(0.102) 

0.547  (0.170) 

0.478  (0.099) 

12  Week 

Treatment 

'0.079  (0.091)t 

0.194  (0.214)t 

0.199  (0.224)t 

0.340  (0.257) 

Intact 

0.384  (0.101) 

0.422  (0.062) 

0.413  (0.071) 

0.434  (0.092) 

Energy  (Nm-deg) 

4  Week 

Treatment 

- 

- 

0.825  (0.086) 

1.543  (1.136) 

Intact 

- 

- 

- 

- 

8  Week 

Treatment 

0.496  (0.654)t 

0.206  (0.261)tt 

1.031  (0.862)t 

1.716  (0.756)1 

Intact 

1.453  (0.703)t§ 

2.531  (1.917) 

4.046  (1.337) 

3.351  (1.348) 

12  Week 

Treatment 

1.576(1.942) 

1.715  (2.517) 

1.229(1.408)1 

1.620(1.224) 

Intact 

3.035  (1.101) 

3.295  (0.798) 

3.591  (2.791) 

3.246  (1.496) 

Stiffness  (Nm/deg) 

4  Week 

Treatment 

- 

- 

0.0196 

0.0254 

Intact 

- 

- 

- 

- 

8  Week 

Treatment 

0.0212 

0.0118 

0.0395  (0.0336) 

0.0692 

Intact 

0.0652  (0.0111)^ 

0.0699  (0.0224)^ 

0.0560  (0.0158) 

0.0435 

12  Week 

Treatment 

0.0061t 

0.0233t 

0.0285  (0.0349)  t 

0.0559 

Intact 

0.0374  (0.0117) 

0.0542  (0.0240) 

0.0459  (0.0106) 

0.0435 

*  Data  shown  as  mean  (standard  deviation) 

**  20  or  200  |ug  rhBMP-2,  L  =  Loeal  antibiotic,  S  =  Systemic  antibiotic 
-  Indicates  that  there  was  not  enough  healing  to  resist  torque 

t  Significantly  less  than  respective  intact  contralateral  femur  (p<0.047,  paired  Student’s  t-test) 
J  Significantly  less  than  200+L+S  (p<0.030,  one-way  analysis  of  variance) 

§  Significantly  less  than  200+L-S  (p<0.032,  one-way  analysis  of  variance) 

^  Significantly  greater  than  200+L-l-S  (p<0.041,  one-way  analysis  of  variance) 
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Many  of  the  specimens  that  were  to  be  mechanically  tested  exhibited  new  bone  formation  in  and 
around  the  defect  as  shown  by  the  micro-CT  data,  but  this  new  bone  did  not  sufficiently  unite  the  ends 
of  the  defect  so  as  to  resist  the  applied  torque.  This  was  especially  evident  in  the  4-week  animals.  The 
mean  failure  strength  of  the  8  and  12-week  treatment  group  with  200  pg  of  rhBMP-2  in  combination 
with  local  and  systemic  antibiotic  was  not  significantly  different  than  the  mean  strength  of  the 
respective  intact  contralateral  femurs  (Figure  5  and  5-1,  p>0.05,  paired  Student’s  t-test).  On  the  other 
hand,  the  mean  failure  strengths  of  defects  in  the  other  three  treatment  groups  (20  pg  of  rhBMP-2  with 
local  antibiotic  with/without  systemic  antibiotic,  and  200  pg  rhBMP-2  with  local  antibiotic  only)  were 
significantly  less  than  their  intact  counterparts  at  8  and  12  weeks  (p<0.001,  paired  Student’s  t-test). 

The  group  with  200  pg  rhBMP-2  in  combination  with  local  and  systemic  antibiotic  exhibited  the 
highest  mean  mechanical  strength  of  any  of  the  treatments  at  8  and  12  weeks  (Table  3).  The  mean 
torsional  failure  strength  in  this  treatment  group  was  significantly  greater  than  the  two  20  pg  rhBMP-2 
groups  (p<0.003,  one-way  analysis  of  variance). 

Figure  5,  Failure  torque  (mean,  standard  deviation)  at  8  weeks  as  a  function  of  rhBMP-2  dose  + 
antibiotic  therapy;  20  or  200  pg  rhBMP-2,  L  =  Local  antibiotic,  S  =  Systemic  antibiotic 
0.8 
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0.6 
0.5 
0.4 
0.3 
0.2 
0.1 
0 

20+L-S  20+I.+S  200+L-S  200+L+S 

ITcatmcnt 

Significantly  less  than  intact  contralateral  femur  (p<0.005) 

Figure  5-1,  Failure  torque  (mean,  standard  deviation)  at  12  weeks  as  a  function  of  rhBMP-2  dose  + 
antibiotic  therapy:  20  or  200  pg  rhBMP-2,  L  =  Local  antibiotic,  S  =  Systemic  antibiotic 
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tSignificantly  less  than  intact  contralateral  femur  (p<0.005) 
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Bony  Lysis 

Bone  damage  in  infeeted  segmental  defeets  initially  presents  on  high  resolution  radiographs  as  eortieal 
osteolysis  adjaeent  to  the  Kirsehner  wires  as  they  eross  the  eortieal  bone  (Figures  6  and  1)?’^  A  simple 
eount  of  the  number  of  sites  of  lysis  (6  Kirsehner  wires  erossing  eortieal  bone  twiee,  or  12  possible 
sites)  has  been  shown  to  eorrelate  with  the  torsional  stiffness  of  the  defeet  fixation/ 


Figure  6.  Illustration  of  osteolysis  in  segmental  defeet  model  with  ehronie  infeetion 


Figure  7.  Representative  radiograph  showing  osteolysis  in  the  segmental  defeet  model 


High  resolution  faxitron  radiographs  were  seanned  and  digital  formatted  then  analyzed.  The  numbers 
of  sites  of  osteolysis  are  summarized  in  Table  4  below.  At  least  some  level  of  osteolysis  oeeurred  over 
the  study  period  regardless  of  treatment  group.  This  suggests  that  the  infeetion  was  truly  ehronie  and 
eould  likely  not  be  eompletely  eliminated  without  removal  of  the  fixation  implant.  There  was  a  large 
amount  of  variation  in  the  oeeurrenee  of  bony  lysis  among  the  speeimens  whieh  refieets  the  inherent 
variability  of  infection  whether  in  animal  models  or  clinically.  The  median  number  of  sites  of  lysis  was 
lowest  when  the  infected  defects  were  treated  with  200  pg  of  BMP-2,  together  with  both  local  and 
systemic  antibiotic.  Addition  of  systemic  antibiotic  to  the  local  administration  of  antibiotic  reduced  the 
occurrence  of  lysis  with  both  20  and  200  pg  of  rhBMP-2,  although  this  was  not  statistically  significant. 
The  median  number  of  sites  of  lysis  was  lower  with  200  pg  of  rhBMP-2  than  with  20  pg,  for  a  given 
antibiotic  treatment  (local  ±  systemic),  which  suggests  the  possibility  that  rhBMP-2  may  somehow  be 
involved  with  modulating  the  infective  process. 
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Table  4.  Median  number  of  sites  of  bony  lysis  from  high  resolution  radiographs 


Treatment 

Number  of  Sites  of  Lysis* 

rhBMP-2 

Dose 

Local 

Antibiotic 

(Cefazolin) 

Systemic 

Antibiotic 

(Ceftriaxone) 

Time  Prom  Debridement 

2  wk 

4  wk 

8  wk 

12  wk 

200  qg 

yes 

yes 

2(3) 

2  (2.25) 

0(1) 

2  (2.5) 

no 

4  (5.5) 

2.5  (2) 

1.5  (2) 

4  (3.5) 

20  pg 

yes 

yes 

3.5  (3) 

6(5.5) 

3(3) 

3(1.5) 

no 

3  (4.5) 

9.5 

(6.5)t 

6 

(1.75)1- 

5  (5.5) 

0  pg 

yes 

no 

8  (4.5) 

6  (6.5) 

6 

(i.5)n 

6.5  (3.5) 

200  pg 

no 

no 

5(5) 

5(5) 

5 

(3.5)tt 

5.5  (5) 

0  pg 

no 

no 

5  (2.25) 

6(5) 

5(0)t 

8  (4)t§ 

*  Data  shown  as  median  (interquartile  range);  data  were  not  normally  distributed  so  Kruskal- 
Wallis  one  way  analysis  of  varianee  on  ranks  was  used,  with  multiple  pairwise  eomparisons 
made  with  Dunn's  Method 

t  Signifieantly  greater  than  200|ug  +  loeal  and  systemie  antibiotie  (p  <  0.05) 

J  Signifieantly  greater  than  200|ug  +  local  antibiotic  (p  <  0.05) 

§  Significantly  greater  than  20|ug  +  local  and  systemic  antibiotic  (p  <  0.05) 

Qualitative  Bacteriology 

The  defects  in  all  animals  became  infected  by  2  weeks  after  contamination  with  lO"^  CPUs  of 
Staphylococcus  aureus,  except  for  three  8-week  animals  (Table  5).  These  animals  were  replaced  by 
three  others  whose  defects  did  become  infected  by  2  weeks  after  contamination.  The  majority  of  the 
cultures  from  infected  defects  revealed  moderate  to  many  CPUs  of  S.  aureus,  and  occasionally,  only  a 
few  CPUs  were  evident,  although  the  defect  showed  clear  clinical  signs  of  infection;  predominately 
pus  and  inflammation. 


Table  5.  Qualitative  bacteriology  at  time  of  debridement 


Culture  Results 

Treatment 

0-S-L 

200-S-L 

0+L-S 

20+L-S 

20+L+S 

200+L-S 

200+L+S 

2  Weeks 

No  growth 

Rare 

Pew 

1 

Moderate 

3 

2 

3 

3 

2 

4 

6 

Many 

5 

5 

1 

3 

4 

4 

Contaminated* 

3 

5 

3 

4  Weeks 

No  growth 

Rare 

Pew 

2 

Moderate 

2 

4 

1 

1 

2 

2 

6 

Many 

5 

1 

6 

12 

11 

17 

13 

Contaminated* 

1 

1 

3 

3 

1 

1 

8  Weeks 
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No  growth 

3 

Rare 

Few 

1 

2 

1 

4 

Moderate 

5 

4 

6 

6 

7 

7 

4 

Many 

2 

4 

2 

7 

9 

12 

10 

Contaminated* 

12  Weeks  t 

No  growth 

- 

- 

- 

- 

- 

- 

- 

Rare 

- 

- 

- 

- 

- 

- 

- 

Few 

- 

- 

- 

- 

- 

- 

- 

Moderate 

- 

- 

- 

- 

- 

- 

- 

Many 

- 

- 

- 

- 

- 

- 

- 

Contaminated* 

- 

- 

- 

- 

- 

- 

- 

20  or  200  |u,g  rhBMP-2,  L  =  Local  antibiotic,  S  =  Systemic  antibiotic 
*  Contamination  with  another  type  of  bacteria  in  addition  to  Staphylococcus  aureus 
t  These  data  are  unavailable.  Rats  during  debridement  were  elinieally  and  grossly  infeeted. 


Qualitative  eultures  at  the  time  of  euthanasia  revealed  eontinued  baeterial  growth  in  71%  of  the  defeets 
in  the  200  pg  rhBMP-2  +  local  antibiotic  group  (Table  6).  Addition  of  systemic  antibiotic  therapy  to 
this  treatment  group  decreased  the  number  of  defects  with  bacterial  growth  at  euthanization  by  half 
(39%).  This  reduction  in  the  oeeurrenee  of  chronic  infection  from  administration  of  both  local  and 
systemic  antibiotic  was  not  evident  in  the  20  pg  rhBMP-2  groups.  The  remaining  3  treatment  groups 
exhibited  baeterial  growth  in  100%  of  the  defeets.  Thus,  qualitative  eultures  revealed  that  the  chronie 
infeetion  remained  in  evidenee  throughout  the  study  period  in  the  majority  of  defects,  and  that 
administration  of  both  local  and  systemic  antibiotic  therapy  with  200  pg  rhBMP-2  deereased  the 
number  of  defects  with  infection.  These  data  also  reflect  the  inherent  variability  with  infection  and 
suggest  the  possibility  that  the  presenee  of  rhBMP-2  itself  may  have  somehow  played  a  role  in 
modulating  the  infeetion  as  evideneed  by  the  different  effeets  in  the  eultures  with  the  20  and  200  pg 
rhBMP-2  groups  for  a  given  antibiotie  treatment  (loeal  ±  systemie). 


Table  6.  Qualitative  baeteriology  at  time  of  euthanasia 


Culture  Results 

Treatment* 

0-S-L 

200-S-L 

0+L-S 

20+L-S 

20+L+S 

200+L-S 

200+L+S 

2  Weeks 

No  growth 

1 

8 

Rare 

1 

1 

1 

2 

Few 

1 

3 

3 

3 

5 

Moderate 

5 

3 

1 

2 

Many 

2 

2 

1 

Contaminated! 

2 

3 

2 

3 

1 

4  Weeks 

No  growth 

3 

1 

3 

7 

Rare 

1 

3 

4 

3 

7 

5 

Few 

1 

1 

2 

2 

2 

6 

5 

Moderate 

3 

2 

2 

3 

1 

2 

2 

Many 

2 

2 

2 

1 

Contaminated! 

3 

1 

1 

8 

1 

1 

8  Weeks 
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No  growth 

7 

5 

11 

16 

Rare 

1 

3 

4 

2 

3 

Few 

2 

5 

3 

5 

3 

2 

Moderate 

3 

5 

2 

2 

3 

Many 

2 

1 

3 

Contaminated! 

2 

1 

12  Weeks 

No  growth 

5 

2 

12 

8 

16 

16 

Rare 

2 

1 

Few 

2 

3 

1 

2 

1 

2 

Moderate 

6 

5 

1 

Many 

Contaminated! 

2 

*  20  or  200  |u,g  rhBMP-2,  L  =  Local  antibiotic,  S  =  Systemic  antibiotic 
I  Contamination  with  another  type  of  baeteria  in  addition  to  Staphylococcus  aureus 


Quantitative  Bacteriology 

S.  aureus  was  reeovered  from  the  femurs  with  an  infeeted  defect  even  though  they  were  treated  with 
loeal  and  systemie  antibioties,  as  shown  in  Table  7.  Treatment  of  infeeted  defects  with  200  pg  BMP-2 
with  both  local  and  systemic  antibiotics  led  to  numbers  of  reeovered  baeteria  that  were  4  logs  less  (at 
the  same  level  as  the  eontaminating  inoeulum)  than  with  treatment  with  200  pg  rhBMP-2  with  loeal 
antibiotie  alone.  As  was  also  observed  with  the  qualitative  baeteriology,  both  systemie  and  loeal 
antibiotics  were  required  to  substantially  impaet  the  ehronie  infeetion.  Statistieal  analysis  was  not 
performed  on  these  data  beeause  there  were  only  4  samples  per  group.  The  intent  of  these 
measurements  was  to  simply  monitor  the  progression  and  magnitude  of  the  infeetion  in  a  few  animals. 


Table  7.  Baeterial  eensus  measurements* 


Treatment! 

Time  from  debridement  (wks) 

4 

8 

12 

200  pg  BMP-2  +  L 

7.88  (8.12) 

8.24  (8.18)! 

7.87  (7.63)! 

200  pg  BMP-2  +  L  +  S 

6.94  (7.22) 

3.94  (3.43) 

8.31  (8.24)! 

Data  presented  as  logio  of  mean  (standard  deviation)  oi 

'  number  of 

reeovered  CPUs  of  baeteria  (n  =  4  per  treatment  and  time  point) 
t  L  =  loeal  antibiotie  and  S  =  systemie  antibiotie 
J  Signifieantly  greater  than  200  pg  BMP-2  +  L  +  S  at  8  weeks  (p<0.05); 
One  way  analysis  of  varianee  on  log  transformed  data,  with  multiple 
eomparisons  made  using  the  Holm-Sidak  method 


Page  13 


Undecalcified  Histology 

Figure  8  shows  representative  slides  of  the  2  and  4  week  group.  The  Van  Gieson  picrofuchsin  stained 
collagen  fibers  green,  bone  orange  and  osteoid  yellow-green.  Stevenel’s  blue  stained  cells  and 
extracellular  structures  in  blue  tones.  The  histological  sections  from  the  8  &  12-week  animals  were 
received  January  2009  from  University  of  Minnesota  subcontractor,  and  are  currently  being  analyzed. 
Results  will  be  available  upon  completion  of  the  manuscript  for  publication. 

Figure  8,  Representative  undecalcified  sections  at  4  weeks 


200  pg  BMP-2  +  local  +  systemic  abx 


200  pg  BMP-2  +  local  abx 


20  pg  BMP-2  +  local  +  systemic  abx  20  pg  BMP-2  +  local  abx 

The  histology  findings  are  summarized  in  Table  8.  The  greatest  amount  of  new  bone  formation  at  4 
weeks  occurred  with  200  pg  of  rhBMP-2  augmented  with  both  local  and  systemic  antibiotic. 


Table  8,  Summary  of  histological  findings: 

0,  20  or  200  pg  rhBMP-2,  L  =  Local  antibiotic,  S  =  Systemic  antibiotic 


Treatment 

Group 

Description  of  Histology 

2  Week  Group 

0-L-S 

No  new  bone  formation 

0+L-S 

No  new  bone  formation 

20+L-S 

There  is  scant  new  bone  formation  admixed  within  the  matrix  carrier  surrounded  by 
collagen  fibers 

200-L-S 

No  new  bone  formation 

200+L-S 

There  is  scant  new  bone  formation  admixed  within  the  matrix  carrier  surrounded  by 
collagen  fibers 

20+L+S 

There  is  scant  new  bone  formation  admixed  within  the  matrix  carrier  surrounded  by 
collagen  fibers 

200+L+S 

There  is  minimal  to  moderate  new  bone  formation  in  and  around  the  matrix  carrier 
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4  Week  Group 

0-L-S 

No  new  bone  formation 

0+L-S 

No  new  bone  formation 

20+L-S 

There  is  minimal  new  bone  formation  admixed  within  the  matrix  carrier  surrounded 
by  collagen  fibers 

200-L-S 

No  new  bone  formation 

200+L-S 

Minimal  new  bone  formation  can  be  seen  within  and  around  the  matrix  carrier 
surrounded  by  collagen  fibers. 

20+L+S 

There  is  scant  new  bone  formation  within  the  matrix  carrier  surrounded  by  collagen 
fibers 

200+L+S 

There  is  moderate  new  bone  formation  in  and  around  the  matrix  carrier  with  more 
organized  creeping  substitution 

Key  Research  Accomplishments 

•  Using  an  animal  model  with  an  internally-stabilized  segmental  defeet  in  the  rat  femur  with  a 
ehronie  infeetion  from  Staphylococcus  aureus,  we  learned  that . . . 

►  Debridement  and  use  of  eommereially-available  off-the-shelf  biologies  and  antibioties  led 
to  formation  of  newly  mineralized  eallus  in  spite  of  retention  of  the  eolonized  hardware 

►  Reeombinant  human  bone  morphogenetie  protein-2  with  its  absorbable  eollagen  sponge 
earrier  maintained  its  osteoinduetive  eapability  despite  the  presenee  of  ehronie  infeetion  and 
eolonized  hardware. 

►  There  was  a  elear  dose  response  relationship  between  rhBMP-2  and  bone  formation,  and 
applieation  of  loeal  and  systemie  antibiotie  affeeted  this  relationship  in  a  positive  way.  More 
newly  mineralized  eallus  formed  with  the  higher  dose  of  rhBMP-2  (200  pg)  than  the  lower 
dose  (20  pg).  The  greatest  amount  of  new  bone  formation  oeeurred  with  200  pg  of  rhBMP-2 
augmented  with  both  loeal  and  systemie  antibiotie. 

►  The  bone-forming  eapability  of  rhBMP-2  in  the  presenee  of  ehronie  infeetion  was  enhaneed 
by  antibiotie  therapy.  More  newly  mineralized  eallus  formed  with  rhBMP-2  and  antibiotie 
introdueed  loeal  to  the  defeet,  eompared  to  defeets  with  rhBMP-2  without  loeal  antibiotie.  The 
greatest  amount  of  newly  mineralized  eallus  was  indueed  with  rhBMP-2  augmented  with  both 
loeal  and  systemie  antibiotie. 

►  The  strength  of  the  newly  mineralized  eallus  formed  within  and  bridging  the  defeet  with  the 
high  dose  of  rhBMP-2  in  eombination  with  loeal  and  systemie  antibiotie  approaehed  the 
strength  of  the  intaet  eontralateral  femurs.  The  meehanieal  strength  of  all  other  treatment 
groups  was  signifieantly  less  than  the  respeetive  intaet  eontralateral  femurs. 


Reportable  Outcomes 

•  Animal  model  of  an  internally-stabilized  segmental  defeet  in  the  rat  femur  with  a  ehronie  infection 
from  Staphylococcus  aureus  in  which  debridement  and  use  of  eommereially-available  off-the-shelf 
biologies  (bone  morphogenetic  protein-2,  absorbable  collagen  sponge  (ACS),  ceramic  collagen  matrix 
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(MasterGraft  Matrix))  and  antibiotics  lead  to  formation  of  newly  mineralized  eallus  in  spite  of 
retention  of  the  eolonized  hardware 

•  A  poster  presentation  was  done  at  the  Soeiety  Of  Military  Orthopaedic  Surgeon  (SOMOS) 
Deeember  2008  meeting  and  an  abstraet  has  been  aeeepted  as  a  short-talk  poster  in  the  upeoming 
Orthopaedie  Research  Society  meeting  in  February  2009.  A  manuseript  is  fortheoming  and  will  be 
submitted  to  the  Journal  of  Orthopaedic  Trauma  for  publieation. 


Conclusions 

The  treatment  of  an  infeetion  at  the  site  of  a  fraeture  often  neeessitates  removal  of  internal  fixation. 
However,  internal  fixation  is  needed  for  fraeture  stability.  This  study  presents  an  intervention  that  may 
aeeelerate  fracture-healing  in  the  presence  of  ehronie  infeetion  and  colonized  hardware,  thereby 
permitting  earlier  removal  of  the  hardware  and  more  timely  and  effective  treatment  of  the  infeetion. 

The  results  of  this  study  demonstrated  that  rhBMP-2  maintained  its  osteoinductive  eapability  despite 
the  presenee  of  ehronie  infeetion  and  eolonized  hardware,  and  this  property  was  enhaneed  by  loeal  and 
systemie  antibiotie.  No  signifieant  new  bone  was  formed  unless  rhBMP-2  was  introduced.  A 
eomposite  type  1  bovine  eollagen  sponge/eeramie-eollagen  matrix  earner  eontaining  200  pg  of 
rhBMP-2  in  sterile  water  (used  to  wet  the  sponge)  and  100  mg  of  Cefazolin  dissolved  in  sterile  water 
(used  to  wet  the  matrix)  was  applied  to  surgically  debrided  defects,  together  with  4  weeks  of  systemie 
administration  of  the  antibiotic  Ceftriaxone.  This  treatment  induced  a  substantial  amount  of  newly 
mineralized  eallus  that  eonneeted  the  ends  of  the  defeet  at  8  weeks  after  debridement  sueh  that  there 
was  no  significant  difference  between  the  torsional  failure  strength  of  these  treated  defects  and  the 
intact  contralateral  femurs. 

There  was  also  a  elear  dose  response  relationship  between  rhBMP-2  and  bone  formation,  and 
applieation  of  local  and  systemic  antibiotic  affected  this  relationship  in  a  positive  way.  More  new  bone 
was  formed  when  both  systemie  and  loeal  antibiotie  were  administered,  compared  to  when  loeal 
antibiotie  was  introdueed  alone.  The  lower  20  pg  dose  of  rhBMP-2  also  led  to  the  formation  of  newly 
mineralized  eallus,  particularly  when  loeal  and  systemic  antibiotics  were  administered,  but  the  amount 
of  new  bone  was  less  than  with  the  higher  200  pg  dose  of  rhBMP-2.  Although  newly  formed  eallus 
was  indueed  in  the  20  pg  rhBMP-2  defeets,  this  new  bone  and  surrounding  inflammatory  fibrous  tissue 
did  not  suffieiently  unite  the  ends  of  the  defects  to  resist  the  torque  applied  with  meehanieal  testing.  It 
is  elear  from  this  experiment  that  the  combination  of  both  local  and  systemic  antibiotic  and  high  dose 
rhBMP-2  had  the  greatest  effeet  aehieving  bridging  bone  aeross  the  segmental  defeet  -  the  desired 
elinical  state.  There  is  likely  an  optimal  dose  of  rhBMP-2  that  attains  some  threshold  for  adequate 
stimulation  of  bone  formation  in  the  presence  of  chronic  infection,  but  this  remains  to  be  determined. 
The  dose  is  also  likely  dependent  on  phylogenetie  considerations.  This  has  been  seen  in  non-infected 
studies  in  various  order  animals.  The  moleeular  and  genetie  meehanisms  involved  in  the  interaction  of 
rhBMP-2,  antibiotic  and  infection  are  unknown  at  this  point,  and  should  be  the  subjeet  of  future  work. 

The  logical  next  steps  for  this  work  are  to  assess  the  effieacy  of  rhBMP-2  with  local  and  systemic 
antibiotic  in  a  polymicrobial  chronic  infection  model  in  the  rat,  more  elosely  simulating  eombat 
injuries,  and  then  develop  a  similar  ehronie  infection  model  in  a  large  animal  (e.g.  goat),  whieh  would 
more  elosely  approximate  the  human  eondition. 
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Introduction 

Mustou’iiUKciisudItiesaiediesu  luf  liiyli-eietiyy 
UIdsloi  liigli-vtlojily  pitje-lileintclidiiitiiiis 
anc  commonly  result  in  tne  toilow ng; 

•  Significant  Done  detects 

*  Massive  tissue  damage 

■  Substantial  bacterial  nfecticn 


Specific  Aim 

To  deiemilned  tvbetner  recombinant  human  bone  morphogenetic  proteln- 
2(rnbMP-i)  and  antibiotic  delivered  ocallyrroma  cooifosite  earner,  in 
comb  nation  witn  a  second  antibiotic  admin  steredsystemicaiiy.couio 
lead  to  new  tone  formation  ir  an  interrai  y-stabilizedrat  femoral 
segmental  defect  with  a  chronic  infection  from  Slaphyloccccus  aureus. 


Method 

A  ft  mm  fsPFomentNl  wAfs 

.Aiiroic^ll/  rrefitfti  anri  Rl;ihili7ftr  with;) 
polyacet/l  pla:e  and  6  threaded 
Kjrschner  wires  in  'he  left  femur  of  2£€ 
Sprague-Dawfey  ra:s.  All  defects  were 
contaminated  whh  10"  colony-forning 
units  of  $ta3h/lcccccus  airejs.  The 
animas  were  allowed  to  recover  for  2 
weeks  while  the  contamination 
progressed  to  a  crhrofiic  infection. 


Al  defects  were  then  tftorojghly 
dednded  under  stenie  ccncitions,  and 
treated  wth  a  composte  type  1  t>ovins 
collagen  sponge/ceranic-collagen 
iialitxut  I  in  cutilaiiii  igO,  20  ui  2C0iiy 
O'  rhBMP'2  n  sterile  water  with  and 
VMthout  1)0  mg  of  Cefezolir  desolvec 
ir  sterile  water.  The  sponge  was 
wrapped  around  the  matrix  and  packed 
intothe  defect  In  half  of  the  onimob 
rccdvhg  rhBMP-2  and  local  CefazoHr, 
o  oyotcmic  antibiotie  (Ceftriaxone 
60mg/i>g)  wae  aleo  adminieterad  for  2) 
diyt.  Outcome  meaeuree  are  ieled  tn 
Tabb  1 

■r  t  CAfvt »-  initol  C>>%l|rr 


Tia*  IwIitnJsMiW 


i#n 


’  g-»apg  g*»o>y  »>«*«  W  ~  >  •r«tn»<  for  ••••« 

il  Vh  mSfrabd  tn»»-9oMs 
*  mbro-sorrpjMtflmoinftiy- 


I  ddsoratN*  url»o*e>fl>d  taloogy  •  s  4 rssic  r)n>«ml>  oimot 
ren  onwA^th*!  iH«4ter  fto  tor 

*•44  of  A*  I  Vfttnwnt  ft  tn*  r  (lo«bo  tln«-90lrti 
:to<««taitfMuralMtln«  n: t  •dtMeontlafimuatVwndtoat*! 
rtWIlO  ponto 

f  qienlntw ofotortowjr  isasdcxtouivaaiiittnteooitie 


Hesuits 

The  greatest  amount  of  new  bone 
fcfination  cccirred  with  200  ua  of 
rhBUP.2  augmented  with  both  keel 
and  systorric  antibiotic. 


The  mean  failure  strength  of  the  S-week 
treatmeht  group  with  200  ^gof  rh3VP-2 
in  combination  wiih  local  and  systemic 
anhbotc  was  notsignificanily  different 
than  the  mean  strength  of  the  respective 
intact  contralateral  femurs. 


The  total  volume  of  Ttiierali2ed  callus 
wth200  ;jg  of 'hBM^^  with  loca  and 
eyaterric  antibiotic  was  greater  tharr 
wth  2fin  nQ  of  'hRM^.J  with  Iot-Xi 
antibinlir  alone,  anr  200  ig  nf  rh^P.2 
wth  no  antibiotic.  Tietotal  volumeof 
new  bene  was  greater  wrh  200  ug  cf 
rtiBMP-2  than  with  20  ng. 


On  tne  otner  hand,  the  mean  railu'e 
strengths  2r  deieas  in  tne  otner  three 
LteuLriic  il  groups  i20  ug  iliBlii1P*2  wilii 
local umiLiulic  wiUi/willioyl  sysleriiij 
anJbolc,  arnJ  200  pg  iliBMP'2  willi 
local  ontibiotic  on  y)  were  oigntficontiy 
Icao  than  their  iitoct  ccurtcrports  o1  8 
wocka. 


Conclusions 

»^Hlgh  dose  BM’’ with  lo^lana  sys:er«lcancib  ocic  therapy  Irduceaasubsiarxia 
smount  of  rewly  mtneialeed  c«llus  conneotirg  the  ends  sf  *  chrenioal  y  infe&ted 
Bogmenlal  bone  defactat  d  weeks  after  debridemer  t  suci  that  there  was  no  cignificant 
Hif^eranre  Ih^ t<%r«iAn  aI  fst  lure  etra«T0th  rtf  tK«<etr'«at*u4  defa<«*e.  anH*K«  irfarrt 

Mhtralatenl  ffrmurs. 

eDebrciemeitanc  use  of  comm&rcially-cvalabre  aff  the  sieiFbbleg^s  and  anHUia*ici 
'ed  to  new  bore  formation  in  sriteof  ch'ooic  n^tior  with  retsniiori  of  colonized 
hardware. 

^RhBMP-2  rraintained  Ns  csteoiiductve  capability  h  the  areseice  of  chronicinfecdon. 
and  this  croperty  was  enhanced  b/  local  and  systemic  antibiotic. 

^Nosignificantnew  bore  was  fcrmedunless  rhBNftP-2  was  intrcducel 

^This  study  presents  an  inter/enticn  that  may  accelerate  fracture-healing  in  the 
aresence  o^chronicinFectioi  aid  solorized  hardware. 

b^Confrmatorv  luoian  c  mica  stjdies  are  needed  and  regulatory  status  must  be 
>ansideie<l 
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lorrodotticD :  The  najoiir.'  o:  combat  carraldes  in  Iraq  aid 
Afghanistat  ar;  wouids  to  ie  exirenities  lesdtuig  from  high-eujrgv 
blasts  orprojectiles.  and  common.}' present  tvuh  a  sigmacant  segmeataJ 
bone  de&ct  soft  Cssue  disruption  and  bacteria.  ccntaniiaaKon  The  goal 
oftlu;  stjdy  was  to  deteoume  ivlistlier  recombinant  human  bone 
moipaogenatic  protem-2  trkBMP-2)  anc  antib.oti:  delivered  locally 
duui  1  coixiyuiile  cai.iei.  iu  cuiubiuiilioa  Milli  a  sccuud  auLbiuiic 
adnuaiattred  at'atcmirolly.  could  lead  to  new  bone  fcmiaticn  in  on 
mleixallv  STabilized  lai  femoral  eeumenial  defect  ivitb  a  chronic 
in'errion  from  ^rnpUylornrnir  mifein 

Meibodi:  This  smdy  wis  approved byie  Imtimacnal  Aaiaal  Care 
and  Use  Comnuttee.  \  6  mm  segmental  detect  vits  srrgically  created 
and  s'abiliz»i  with  a  polyacetyl  plate  and  6  threaded  K-'X'ires  in  one 
femur  of  256  SpraEue-Dawlev  ratj.  defects  were  contanimted  with 

lU'  coloiy-tonuing  umti  oli  aureu:.  Ihe  amma.s  \rere  allowed  to 
recover  for  2  weels  while  the  contaminadoa  progressed  to  a  chrome 
intechon.  .^11  defects  were  then  tborcughly  debrided  under  sterde 
conditioas.  and  treated  vnth  a  composite  tape  1  bovine  colligcc 
cponge  coramic  collagen  niatrhc  earner  contaiiung  0,20  or 200  gg  of 
rh^VP-"'  in  sterile  vvatpf  (used  to  wet  the  sponge)  with  and  without  1 0fl 
tug  o' Cefttnlm  Assolved  in  sterile  water  (ised  to  war  the  malriTl  The 
sponge  was  WTapged  around  the  inatnx  and  pa  ±ed  into  the  defect.  la 
half  of  the  aninals  receiving  riBMP-2  and  local  Ce&zolin.  a  svsemic 
annbiotic  (Cefiriavoce)  'aas  also  adnuuisteied  for28  days.  The  ammals 
were  eutiauzed  at  2.4  and?  weeks  ifter  debndemeat.  Newly 
mmeialized  cadus  w'as  assessed  with  micro^tompjtel  tomography, 
torsional  failure  testiag  tndundecalcifled  histology.  The  progiession  of 

die  cluuiuc  iurecLiuii  vsoi  asoesoed  wilh  qumiUlolive  boc.eiiulugy  aiid 
bony  lyx3  from  high  rcsoluion  rodii^raph:- 

Results;  The  greitest  amount  of  newly  minerahzed  callus  occurred  with 
'too  |ig  riRvfP-i  itiguienfed  withbo'h  Ivral  aad  systemar  enrihimo 
(Figs.  1-51.  The  total  volume  of  callus  with  200  iigrhBMP-2  withlocal 
and  systemic  aatibiotic  was  greater  than  with  200  iigrhBMP-2  with 
local  antibiotic  alone  and  with  no  anabiotic.  The  total  volume  of  tevi 
bone  was  gieater  with  200  ug  ihBMP-2  thau  with  20  pg.  Tier*  was  a 
clear  dose  response  relationship  betwecL  rhBMP-2  aad  bone  fonranon. 
and  applcatioL  of  local  and  systemic  anibiotic  affected  this  in  a  positive 
way.  1  he  meat  latlure  strength  of  the  S-week  treatment  gicup  with  200 
pg  rhBMP-2  with  local  and  systeimc  antibiotic  was  tot  significantly 
ditferent  than  respective  intict  contralateral  femurs  (rig  4)  On  the  ether 
haud.  the  mean  failtue  stieuglhs  uf  defbcLs  iu  the  ulhei  duee  ihBMP-2 
trcntmcnc  groups  in  Fig.  4  were  rignifrccntly  lean  than  their  intact 
connterporti  at  8  weeks.  Atleast  come  level  of  ocleolycic  occuired  over 
the  arid}  pmod  rega-dlesc  vf  treanueur  The  uted  an  nuiulwr  rf  c-tec  of 

lyiis  was  lowest  when  infected  defects  were  ueated  with  200  ug  BMP -2 
with  both  Iccal  and  system!:  antibiotic,  o.  aureus  was  recovered  from 
the  femurs  with  an  infected  defect  even  thoigh  they  were  tieated  with 
local  and  systemic  antibiotics. 

C  endnsions:  A  high  dose  of  ihBMP-2  combinec  with  locil  and 
systemic  antibiotic  induced  substantial  newly  mineralized  callus  that 
cuuuccled  ue  ends  u.'a  cluumcally  ijifecied  seguieuul  defect  al  8  week* 
after  debridement  such  that  there  -yas  nc  aignlfrcant  difference  beivvccn 
the  torsianal  falluie  strength  of  these  treated  defects  and  the  intact 
contralateral  femurs.  Rh3MP-2  maintained  its  osteoiudnctiv'e  capabiUty 
in  thepreseire  nfrhtonir  infection  and  rolvniredha'dware  aid  'his 
was  enhanced  by  local  and  lysiemic  antibictic.  Tbs  tmdy  presents  an 
mierveution  that  may  result  in  eaiiierbony  stabiUtatiou  and  acceleraied 
fracnire-iiealmg  in  the  presence  of  chronic  infection  and  colonized 
hardware,  thereby  permilang  earhei  weight  bearing,  avoiding  hardware 
fahluce  and  mere  imely  and  effective  treatment  of  inf  ection. 


I  ivatncni 

Fig  1.  Total  volume  of  newly  mineralized  callus  (mcen  =  ac): 

20  ar  200  ngrhBMP-2.  L  ~  locol  antibictic.  S  -  Systemic  antihiouc 
•Sigmficsntiy  less  than  300-L+S  (p^:0.045) 

♦8  wks  signidcantlv  grealer  'ban  2  wks  (p=0.003) 


Fig  2.  Three-dimensiona.  rendermg  (right)  and representa tree  cross 
lecnon  Oeft)  of  micro^TT  scan  of  defect  reated  with  200  iig  rh3MP-2 
witi  both  local  and  systemic  annbiotic  at  8  weeks;  bnghl  area  ia  nudcle 
of  sectional  view  is  ceramic  collagen  matrix  remainmg  in  defect  (airow) 


Fig  3.  Histologic  images  at  8  weeks  cf  defect  neated  wife  (left)  20  ug 
:hBMP-2  Wife  local  and  systenne  antioioic.  and  (righ:)  200ng  rhBMF2 
wiu  local  and  systemic  aititiobc.  .Nose  toe  larger  amount  o;  callous 
wium  and  aiouod  the  delect  (airows). 


:o*i.-s  2«*i-s  2iioeL-s  :ooi.*s 

Trejliiwfl 

Fig  4.  Failuie  torqsie  (mean  ±  sd)  at  8  weeks: 

20  or  200  ug  rhBMP-2.  L  =  2.ocal  antbicnc.  S  =  Systemsc  antihiouc 
•Siamftcantlv  less  feaa  intact  connalatenl  femur  (p'=s0.003) 
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